This paper investigates empirically the occurrence of pecuniary knowledge externalities at the sector level across European economies. The main results suggest that, although some sectors can be considered as playing a particularly important role as a source of pecuniary knowledge externalities in the majority of examined countries, there exist significant national differences in the occurrence of these effects. Moreover, such external effects influence the dynamics of total factor productivity in downstream sectors and appear as a relevant source of growth in modern economies. As such, the concept of pecuniary knowledge externalities, as opposed to pure knowledge externalities postulated in the new growth theory, provides a new understanding of the growth process.
Introduction
The awareness about the complexity of any context of economic activity involving innovations recently brought important extensions in the economic literature that gradually permitted a more complete view of the process of economic development to be created. In the new growth theory, the inclusion of technology as an endogenous production factor was without doubt a crucial factor in this sense (Romer, 1990; Grossman and Helpman, 1991; Aghion and Howitt, 1992) . Also the pioneering contributions due to Schumpeter (1942) , related to his considerations on the dynamics of industrial transformations, provided an important insight and motivated the construction of models of the new growth theory (in particular, Aghion and Howitt, 1992) .
Although the majority of these models predict the occurrence of externalities in the generation of technological knowledge, there exist some shortcomings in the way external effects are defined and described in their working out of further influence on the production system as a whole. In particular, knowledge externalities considered in the growth literature are supposed to exert an influence on the production system with no consequences in terms of costs following the adoption of knowledge from external sources. Contrary to this view, it appears more realistic to imagine that professional users need to incur some costs in order to combine external sources of technological knowledge with internal knowledge and, finally, to use these complementary knowledge inputs in the generation of new technological knowledge as well as in the standard production of goods. These costs, however, are lower than in equilibrium, with the latter describing a situation in which knowledge would possess the characteristics of a normal good.
This last argument constitutes the basis for the conceptual treatment regarding pecuniary knowledge externalities (PKE), as defined by Antonelli (2008a, b) , and examined in the present work. In particular, the main focus of the study consists of the underlying relevance and the specific nature of PKE in influencing the diffusion and creation of new technologies between sectors in the European context. This is done by applying the concept in the study of the economic structure and its dynamics in 13 European countries, though considered separately, each decomposed into 25 sectors of economic activity. Emphasis is put, basically, on the analysis of differences and similarities among European countries and the role played by single sectors in the occurrence of PKE is also examined.
It is well known, ever since the pathbreaking investigations of Keith Pavitt, that in all national contexts there are sectors of economic activity that, thanks to their particular characteristics and innovative potentials, exert a non-negligible impact on the system of intersectoral relations based on the transmission and further influence of technological knowledge (Pavitt, 1984) . In this context we investigate empirically the role of PKE in shaping vertical relations between upstream innovative producers and downstream professional users, and consequently in influencing the direction of technological change.
The paper is organized as follows. The next section will be concerned with innovationbased externalities, as discussed in the literature so far. As an important extension in this sense, the concept of pecuniary knowledge externalities will be defined. Section 3 is dedicated to the examination of the evidence with which PKE occur in the national contexts of 13 European economies. The last section concludes.
Theory and Motivation
Complexity, uncertainty and unpredictability of innovative activity recently became the subject of many theoretical contributions and have been confirmed to constitute an inseparable element of any analysis regarding innovations, 1 growth as well as dynamics of structural change. Such a design of the innovation process is strictly connected with specific characteristics possessed by technological knowledge and with external effects accompanying its generation, transmission to the rest of the economy and its further transformation.
The occurrence of external effects being produced in an innovative environment has been widely discussed in the economic literature concerning growth, industrial interdependences and spatial dimension of innovative activities.
Until now, however, attention has been mainly dedicated to the reciprocal influences between producers coming from the "atmospheric" nature of technological knowledge. According to these contributions, knowledge cannot be fully appropriated by innovative producers and spreads freely in the air with no consequences in terms of costs on its receivers. An alternative view followed here argues that the generation and transmission of technological knowledge is accompanied by a particular form of pecuniary externalities that exert nonnegligible consequences on the innovativeness of downstream producers. In this sense, Scherer (1982) shows how a relevant part of the benefit generated by upstream industries in the production of new goods will be passed on to buying industries, influencing their productivity growth. Scherer uses patent data to investigate the flow of innovations across sectors and he confirms that product as opposed to process innovation dominates the total R&D outlays.
The particular category of externalities examined here, namely, pecuniary knowledge externalities (PKE), provides a new understanding of the process of long-run economic growth, where the linear dynamics postulated in the modern growth models is replaced by a more complete picture, with sectoral interdependences at the centre of any process involving generation of innovations.
Externalities, Innovation and Growth
The literature on externalities builds upon three complementary traditions: the MAR (Marshall-Arrow-Romer), Jacobs and, finally, Porter externalities. All these lines of theoretical development focused on a localized nature of technological knowledge. Generally, the MAR tradition emphasizes the role of vertical specialization, while Jacobs (1969) and Porter (1990) underline horizontal differentiation as an engine of local innovative capacities.
In particular, the Marshallian tradition, that can be dated back to the seminal contribution of Marshall (1890) and further developed by Viner (1931), Meade (1952) and Scitovsky (1954) , elaborated a central distinction between technological and pecuniary externalities. Such a distinction has been also emphasized by Griliches (1979 Griliches ( , 1992 , who dedicated a relevant part of his work to the search for research and development spillovers.
Recalling briefly the discussion from the previous part, technological externalities apply when producers are connected by direct interdependences, for instance, actions that do not occur through market supply of goods or services, but consist in direct influences, or in the words of Scitovsky, in "inventions that facilitate production and become available to producers without charge" (1954: 144) . Similarly, Griliches (1979) recalls the concept of "pure knowledge spillovers" to refer to " ideas borrowed by the research teams in industry i from the research results of industry j " (14).
The contribution of Griliches has been fruitfully adopted in the new growth theory, where the idea of externalities incorporated in knowledge spillovers as a consequence of the generation of new knowledge within the research sector is central to most of the theoretical models of endogenous growth (Romer, 1990; Grossman and Helpman, 1991; Aghion and Howitt, 1992; Jones, 1995) .
The other category of externalities previously mentioned, pecuniary externalities, refers to indirect interdependences that are mediated by means of the price system. Pecuniary externalities stem from the provision of innovative inputs to the downstream producers. These inputs embody technological innovations and are offered to the downstream sectors at less than their full quality price.
The concept of pecuniary externalities has been extensively applied to study the effects accompanying the market transactions of innovative inputs in a vertical chain of sectoral relations. Originally and for a long time they have been used in the study of a long-lasting structural dynamics derived from the interactions between increasing demand in downstream industries and consequently more intensified division of labor in upstream industries. More recently, the analysis of the growth dynamics, stemming from the use of semiconductors, permitted the positive cost effects encountered by downstream users to be explained in terms of pecuniary externalities. 2 As such, these external effects refer to lower than in equilibrium cost of innovative intermediate inputs. This is because technological improvement affecting intermediates cannot be entirely mirrored in the increase in prices at which they are offered downstream. Consequently, downstream producers experience higher efficiency in their internal production process. As before, however, they remain passive in terms of innovative capacities.
As argued by Antonelli (2008b) , in the model of growth through creative destruction elaborated by Aghion and Howitt (1992) one can observe the operating of pecuniary externalities as well. The central contribution of their model consists in illustrating the successful generation of innovative intermediates, created thanks to the activity of the research and development sector. Innovative inputs are sold to downstream producers at a price lower than it would follow from the quality increase. Nevertheless, this pecuniary effect does not have any impact on the final result of the model: the balanced steady-state growth is reached as a consequence of the upstream positive total factor productivity (TFP) dynamics. There is no place, in fact, in their model for any kind of effects allowing downstream users to arrive at an innovative result themselves. Upstream innovative activities do not stimulate downstream users to respond creatively with an intentional generation of an in-house technological knowledge and, consequently, to switch to a new technological environment. They remain very much passive (Antonelli, 2008b) .
Pecuniary Knowledge Externalities-A Theoretical View
The dissatisfaction with the passiveness of downstream producers in front of idiosyncratic sources of external knowledge and, at the same time, the recognition of their "creative capability to intentionally generate technological knowledge" (Antonelli, 2008b (Antonelli, : 1052 , brought into discussion the possibility of the occurrence of a particular category of external effects, labeled as pecuniary knowledge externalities (PKE).
Provided that upstream innovative producers are able to make newly generated knowledge available for the knowledge users, and additionally, potentially innovative users populate downstream sectors, externally generated technological knowledge will be purchased and implemented by downstream professional users in a process of further generation of innovative results, as well as in the standard production activity. This refers both to the tacit sources of external knowledge when it is embodied in intermediate products and services, and to codified knowledge acquired through patents and licenses, but also to circumstances in which knowledge spillovers are apparently disconnected from market transactions. In all these cases, the downstream producers choose to effectively dedicate resources in order to implement knowledge from external sources. This process of implementation is rather complex and encompasses screening, informing, communicating, deciding, purchasing and finally assimilating knowledge by means of costly activities of internal learning, external training and other activities that permit the user to effectively apply externally generated knowledge in the internal process of knowledge generation. 3 Knowledge active users, thus, need to undertake specific activities and dedicate enough resources that enable them to identify, acquire and use knowledge. This means that external knowledge used as a production input is never a free factor and professional users can take advantage of it only at a cost. Nevertheless, thanks to the partial appropriability, intrinsic nonexhaustibility and nondivisibility of knowledge, these costs are lower than in equilibrium, meant as a hypothetical situation in which knowledge would possess the full range of characteristics of a normal good. In such a context, PKE offer a knowledge-related cost opportunity and motivate downstream producers to combine external knowledge with that internally generated in the process of generation of further technological knowledge and in the production of new goods.
To put it in terms of a simple anecdotal example, let's imagine a scientific laboratory where a new technology is successfully developed in order to design a new computer model. The technology is passed on to the computer company which arrives at obvious quality improvements in the construction of its computers. New computers are acquired by other computer-using companies and step by step replace the old models. Consequently, their use permits the work of secretaries to be improved, and enables them to accomplish their duties in a shorter time. This is, namely, what the model of growth by Aghion and Howitt aims to predict: firms acquire and successfully implement new computers used to improve the status quo internal working process. Nevertheless, in such a context firms remain passive in front of technological knowledge embedded in new machines. Contrary to this view, the presence of PKE sheds new light on the activity of computer-buying firms. The acquisition of computers is accompanied by the transmission of new technological knowledge which, after a process of transformation internal to the firm and accommodation with internal sources of knowledge, leads to further innovative results, for example, in the way the previous tasks of secretaries could be performed. In such a way, the secretaries can accomplish their duties not only faster, but also in an innovative manner. However, in order to master the innovative way of working, the secretaries are trained and are given specific instructions from the 3 In some recent contributions authors discussed the relevance of costs necessary to imitate (Mansfield et al., 1981) to absorb knowledge (Cohen and Levinthal, 1990; Griffith et al., 2003) , as well as of transaction, communication and interaction costs (Nelson, 1993) . The presence of these costs, in addition to other costs deriving from the acquisition, when knowledge doesn't spill over freely between producers, is an important precondition for PKE that, nevertheless, occur only when the overall cost of external knowledge is significantly lower than the cost of its early generation. computer company itself. As a result, the computer-using company will become a knowledge-intensive service company that provides advanced typing services to its customers. An innovation has been introduced in downstream activities: it takes advantage of knowledge spilling from upstream innovators, but it is the result of the original implementation of new knowledge in the downstream industry. This last activity is by no means a free lunch for the computer-using firm that has to support the costs of the training or of other professional interactions. These costs are, nevertheless, lower than the costs of the early generation of innovation incorporated in new computers and pecuniary knowledge externalities apply, giving the opportunity to the firm to become an innovator itself.
The particular category of external effects examined here has not been sufficiently appreciated so far as a separate mechanism having the potential of shaping the development path of an economic system. The new growth theory has been dominated by the convincement that external knowledge spills over freely between producers, but it does not engage any creative reaction in its users. Contrasting these ideas, the notion of PKE offers a new understanding of growth-supporting mechanisms.
The Influence of PKE on the Knowledge Generation and on the Standard Production Process
This section provides a more technical illustration aimed at explaining the occurrence of pecuniary knowledge externalities.
Recalling the contribution of Nelson (1982) on the importance of the analysis concerning the role of knowledge in modeling continuing technological change in an industry, let's consider two industries, A and B, and their internal activities involving the process of knowledge generation and the standard production process that uses the technology internally generated. Analytically the activities of both industries can be synthesized as follows: 4
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where, generally, T stands for technological knowledge, and Ext and Int express, respectively, external and internal sources of knowledge, both considered as complementary inputs, necessary to implement the knowledge production process.
The cost function, C, expresses the overall effort necessary to support the value of internal and external knowledge in the generation of new technology. Internal knowledge is obtained mainly by means of successful R&D activities. External knowledge, in turn, requires dedicated resources necessary to support the purchasing value of knowledge, in addition to the cost of interaction, transaction, absorption and transformation. Nevertheless, thanks to the partial appropriability of knowledge, its nonexhaustivity and indivisibility, the actual cost of knowledge adoption and exploitation is lower than its "normal" equilibrium level would suggest, giving rise to PKE. From the second system of equations (Equation 2) it follows that the downstream industry B improves its technology with the use of knowledge generated by the upstream industry A (Equation 1). In order to acquire, absorb and transform externally generated knowledge, industry B needs to implement dedicated resources that, however, are lower than the early generation of knowledge would require. Industry B enjoys, thus, pecuniary knowledge externalities that permit it not only to generate a higher technological outcome, but also to obtain a higher level of industrial output. It follows that pecuniary knowledge externalities contribute directly to a better technological basis, while indirectly they influence positively the real outcome and thus the overall growth process.
Here, the technology component, T, is measured in terms of TFP. In this way, the dynamics of TFP can be conveniently viewed as evidence of PKE, though only partially. Indeed, in order to properly measure PKE, it is not sufficient to look exclusively at the TFP dynamics, but it is crucial to consider cost conditions associated with the assimilation of knowledge. To this end, intersectoral market relations registered in input -output transactions will provide the evidence of these costs. In that way, a positive PKE-driven TFP growth in the downstream sector will be linked with the acquisition of innovative intermediate goods.
Empirical Evidence from the Occurrence of PKE in Europe
This section is dedicated to the analysis of the results obtained from a panel estimation aimed to establish the presence and patterns with which PKE appear in the national European economies.
Section 3.1 describes the model. The following section (Section 3.2) offers the description of the data used in the estimation. Finally, Section 3.3 illustrates the methodology applied and analyzes the results obtained.
The Empirical Model
The main purpose of the estimation procedure is to assess the occurrence of PKE across 25 manufacturing and service sectors in a group of 13 European countries considered separately.
The equation used to capture the process dynamics observed in each country is as follows:
where the dependent variable is the growth rate of TFP in sector i at time t. Explanatory variables are given, for every sector j, where j ¼ (1, 2, . . . , 25), by a product of the expenditure coefficient a ij and the corresponding growth rate of TFP, namely d(TFP) j . There exists a consistent body of authors who discuss the plausibility of methods using the rate of change of TFP as an appropriate measure of technological change. 5 Although the idea of the residual introduced by Solow (1957) has been widely adopted in economic analysis, it encompasses some important drawbacks, among which the fact that TFP is meant to record the rate of technical progress, but is computed without using explicitly information concerning innovation. Moreover, the methods of calculation assuming a Cobb-Douglas production function are sensitive to the strong analytical assumptions about constant returns to scale and perfect competition in input and output markets. 6 For all these reasons, many researchers preferred to use other measures to study the impact of innovation. But these other techniques, as for instance the use of patent statistics or expenditures in R&D, suffer considerable shortcomings as well. 7 Finally, the rate of change of TFP has been applied in a number of empirical analyses and has been confirmed as a powerful and valuable measure of technological progress. 8 Following this line of empirical development, this study considers TFP as the most reliable expression of output changes due to technological forces incorporated elsewhere than in the standard production inputs.
Also, bearing in mind the aforementioned conceptual problems connected with the use of TFP as a measure of productive efficiency, two control variables are included, for instance, the rate of change in sectoral wages and the level of sectoral expenditures in R&D. Their inclusion is aimed to account for possible influences on the growth rate of TFP coming from sources other than newly generated technological knowledge. In particular, the measure of labor change in the calculation of the TFP growth rate may not fully account for wage dynamics stemming for example from positive changes in human capital that, consequently, affects changes of the residual. Also the R&D expenditures are not included in standard measures of production inputs, capital and labor, and may exercise influence on the output. The inclusion of R&D expenditures is thus aimed to single out the effect of formal in-house innovation on the TFP dynamics. 5 For a summary discussion of the subject, see Lipsey and Carlaw (2004) . A number of studies, among which Jorgenson and Griliches (1967) , Nelson (1981) and Hulten (2000) extensively discussed theoretical difficulties regarding especially methods and assumptions (to be) made on TFP. 6 According to Parisi et al. (2006) , a possible way to overcome the assumption of perfect competition would imply the calculation of TFP with cost, instead of revenues, shares of factors. In the case of capital, this would require the computation of the shadow value of capital-a rather cumbersome operation, given the availability of data and market imperfections. Nevertheless, the authors go ahead with the operation, but obtain rather insignificant changes in the results. 7 For a more complete discussion on this issue, see Antonelli and Scellato (2007) . 8 Among other contributions in this field, see Duguet (2006) and Parisi et al. (2006) . In particular, Duguet examines the relation between the residual and other measures of innovation. Supported by a series of robustness checks, he finds, among others, that only radical, as opposed to incremental innovation significantly contributes to TFP growth. Parisi et al. (2006) analyze the effect of innovations on growth and report an evidence of a significant effect on productivity driven by the introduction of process innovation. The results hold independently on the fact that alternatively an augmented production function or standard measure of TFP growth, based on a Thö rnquist index, is used.
The coefficient a ij expresses the relative weight that expenditures in intermediate inputs, coming from sector j and acquired by sector i, have over the total value of the output obtained by sector i. These coefficients have been calculated using Input -Output tables at constant prices. They are supposed to mirror market transactions through which downstream sectors acquire innovative intermediates and at the same time receive technological knowledge embedded in them. The expenditure coefficient has been multiplied by the rate of change of TFP of the supplying industry. In that way, the composed variable is aimed at capturing upstream -downstream transfers of knowledge by means of market transactions and their influence on the downstream rate of change of TFP. Thanks to external sources of knowledge, downstream users interact with upstream producers and are addressed by pecuniary knowledge externalities in the process of adoption and transformation of external knowledge (performed at costs that are lower than in equilibrium) and experience a positive TFP dynamics. In other words, if a sector j is supposed to exercise a significant influence on a receiving sector i by means of interactions involving upstream generated technological knowledge with the consequence of the occurrence of PKE, one can expect a significant and positive b coefficient associated with the composed variable related to sector j. Expenditure coefficients and the growth rates of TFP are contemporary, in the sense that if the former expresses the relative expenditures of sector i toward sector j at time t, the latter measures the growth rate of TFP in sector j between t 2 1 and t, with an annual time span. In this way, it is assumed that the new technological knowledge is transmitted through the market transactions occurring in the same year. 9 To sum up, the positive dynamics of sectoral TFP can be considered only as an indirect measure of PKE. Indeed, technological knowledge does not spill over in the air, but provokes externalities occurring as a consequence of the acquisition of innovative intermediates and of the following reduction in costs, enjoyed by the downstream producer in the process of assimilation of external knowledge.
Data
The analysis concerns 13 European countries, namely, Austria, Belgium, the Czech Republic, Denmark, Finland, France, Germany, Italy, the Netherlands, Norway, Sweden, 9 It is not unreasonable to consider time lags of downstream TFP growth rates with respect to expenditure coefficients, as the positive effects associated with the internal exploitation of externally generated knowledge may occur with some delay. However, as the number of observations in each of 13 estimations is limited, the substitution of contemporary data with lagged variables would reduce considerably the dimension of panels. On the other hand, an extended analysis in the real business cycle literature concentrates on a contemporaneous time series analysis in order to find reasonable determinants of common economic fluctuations, as well as to answer a related question, whether independent sectoral variations in productivity may result in an aggregated fluctuation of GDP (Long and Plosser, 1983) . While the analysis at a relatively high level of aggregation (in a six-sector model), even if not particularly strong, offers a positive evidence for this statement, there is no confirmation within a lower level of aggregation. Analogously, given a high degree of disaggregation in the present analysis, it is likely to exclude that the empirical results are driven by common co-movements between sectors. Such an interpretation notwithstanding, as robustness check, for each country an equation with lagged values of TFP growth rates has been estimated. Although to a lesser extent than in the original estimation, the results appeared to be still significant.
Spain and the UK. For every country, a separate panel has been constructed, with 25 sectors, over 10 years from 1995 to 2004. 10 For every sector, the TFP growth rate has been calculated, using the Thö rnquist-Theil Divisia index that determines the logarithmic growth rate of TFP as a difference between the logarithmic growth rate of value added and the logarithmic growth rates of labor compensation and of capital stock, the last two multiplied by the averages over two subsequent years of a and b coefficients from the standard Cobb-Douglas production function. The a coefficient has been computed as a fraction of capital over value added, while the b coefficient is its complement to one.
The variables necessary for this calculation come mainly from the OECD-STAN database. Additionally, for some countries it was necessary first to construct time series of capital stock starting from the data on fixed capital formation, according to the perpetual inventory method.
Expenditure coefficients have been calculated from previously deflated Input -Output and Use tables, 11 taken from the Eurostat database, as a fraction of the expenditure of sector i made in intermediate inputs provided by sector j over the total value of production performed by sector i.
Estimation Method and the Main Regression Results
Equation 3 has been estimated separately for each country with the fixed effect method. 12 In this way, all influences on the dependent variable other than those predicted in the explanatory variables-for example, generally defined institutions, commercial reputation, brand names or simply measurement errors-are put outside of the estimation procedure. This is essential particularly in the light of the critiques concerning the use of TFP as a measure of technological change. Time and country dummies have been included.
In all estimations the F-test concerning the joint hypothesis of explanatory power of independent variables rejected the null, meaning that the variables used for the estimation reliably predict the dependent variable. Table 1 summarizes the results, showing the t-values of the coefficients in sectors that in a particular country were found to be significant at the 5 per cent significance level as a source of PKE.
A negative value of the t-statistic means that the corresponding coefficient was also negative. This was found only in two cases, namely, in the mining and quarrying sector in Austria and in real estate services in Finland. In all other cases the t-values and, thus, the estimated coefficients were positive, suggesting that the impact of technological knowledge transferred from upstream to downstream sectors by means of market transactions produced further positive effects on the innovativeness of the latter sectors. for every year, for each single sector in all analyzed countries. 12 Due to a low correlation coefficient in all estimations, the fixed effect method prevailed over the random effect method. The first two explanatory variables are the control variables for the sectoral R&D expenditure and for the rate of change in wages. Only in Norway the latter appeared to be slightly significant. The evidence on R&D expenditures confirms its questionable role in influencing the rate of change of TFP in the same sector in which these expenditures were made. This is because they measure only a part of the overall effort made in the process of introduction of new technology, disregarding internal learning and the use of external sources of knowledge. This confirms the results obtained by Scherer (1982) who shows the evidence of a poor performance of product R&D, as opposed to used R&D.
The other explanatory variables are given, for every sector, by the product between the annual growth rate of TFP and the expenditure coefficient as defined before. They are supposed to measure the impact that new technological knowledge, generated upstream and transferred through intermediate market transactions, has on innovative capacities of downstream producers via the working of PKE. The estimation results permit a group of sectors exercising a relevant influence on the rest of the economy to be identified in a majority of countries. Most importantly, the role of financial intermediation in determining the growth dynamics in the modern economies, discussed in numerous contributions so far, has been confirmed. Also electricity, gas and water supply and, among manufacturers, the sector of transport equipment; chemical industry; wood and products of wood and, finally, textiles assume an important position in a majority of analyzed national economies. This evidence is important particularly for the aforementioned service sector, for transport equipment and for the chemical industry. 13 It confirms their central role as a source of relevant external knowledge that, thanks to PKE, can be successfully used by the rest of the economic system as an input in the further generation of technological knowledge and eventually in the standard production process of goods. Another group of sectors, namely, manufacturing not elsewhere classified (n.e.c.); electrical and optical equipment; pulp, paper, paper products, printing and publishing; machinery and equipment n.e.c.; and metal products industry appeared to exert a slightly weaker importance in terms of PKEgenerating knowledge transmission. Quite surprising and contrasting with the evidence from previous contributions 14 are the results regarding real estate, renting and business activities that appeared to be passive in the transmission of technological knowledge. This may be due to the fact that, while the aforementioned studies deal with effects that encompass pecuniary externalities with the consequence that new technologies offered as a tool in the process improvements are assimilated by the users without provoking further consequences in terms of innovative capacities downstream, in the present framework pecuniary effects are supposed to open opportunities for the downstream producers to become active innovators.
As a robustness check, in addition to the estimations based on Equation 3, the growth rate of TFP in sector i has been regressed in a function of the growth rates of TFP in each sector j. The aim of the estimation was to reject that the sectoral TFP growth rate downstream might be significantly influenced exclusively by the pure technological effect, but on the contrary, by the network of intersectoral relations based on the market exchange of innovative intermediates. Indeed, for all analyzed countries the results of this additional estimation-not reported here-appear to be insignificant. 15 This is to underline that the relation described in Equation 3 is very likely to grasp an important phenomenon, that of pecuniary knowledge externalities.
Conclusions
An increasingly articulated study of economic growth in the modern economies brought relevant extensions that permitted a better and a more complete understanding of the complexity accompanying the process. In particular, in the new growth theory an effort has been made to include technological knowledge between standard production inputs and to describe external effects deriving from the generation of innovations.
Extending these contributions, the present analysis discusses the role of PKE in shaping the growth dynamics of modern economies. In particular, through upstreamdownstream intermediate goods transactions, downstream producers are able to take advantage of under-the-equilibrium cost conditions in the acquisition and further transformation of external knowledge. As a consequence, they experience a positive TFP growth and become innovators themselves.
The empirical relevance of PKE has been confirmed in a panel exercise applied on 13 European economies and their 25 sectors over the period 1995-2004 in the framework of input -output analysis.
The results pointed out on a group of a few sectors that nearly all analyzed countries were found to exercise a significant influence on the rest of the economy in terms of PKE-generating transmission of technological knowledge. Among these sectors there are textiles, textile products, leather and footwear; wood and products of wood and cork; chemicals and fuel products; transport equipment; electricity, gas and water supply and, most importantly, financial intermediation. These sectors, consequently, constitute a group of relevant PKE suppliers that in all analyzed countries were confirmed to play an important role.
The present analysis suggests that PKE bring a new and non-negligible element into the study of economic development that has been undervalued in previous contributions concerning growth. Intersectoral dependences, based on upstream -downstream transfers of technological knowledge and the occurrence of PKE accompanying further transformation of externally generated knowledge permit to explain positive TFP growth rates not only upstream, but also downstream. This appears to exploit a novel, and at the same time important and powerful growth mechanism. (1) Agriculture and hunting, forestry and fishing (2) Mining and quarrying (3) Food products, beverages and tobacco (4) Textiles, textile products, leather and footwear (5) Wood and products of wood and cork (6) Pulp, paper, paper products, printing and publishing (7) Chemical and fuel products (8) Rubber and plastic products (9) Other non-metallic mineral products (10) Basic metals and fabricated metal products (11) Machinery and equipment n.e.c. 
Countries Taken into Analysis
(1) Austria (2) Belgium (3) Czech Republic (4) Denmark (5) Finland (6) France (7) Germany (8) Italy (9) Netherlands (10) Norway (11) Spain (12) Sweden (13) UK.
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Appendix B: Estimation Results of Single Countries
For each country, the panel contains 200 observations (25 sectors observed between 1995 and 2004, except 1996 and 1998 , for which in the majority of countries Input-Output tables are not available) (Table B1 ). Significance level at ***1, **5 and *10 per cent. 
